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by tissues of the respiratory tract from inhaled radionuclides and the result-
ing biological effects, particularly at long times after inhalation exposure.
A few of these results are described below.

Various factors that influence the lifetime risks of inhaled beta-emitting
radionuclides are being examined in a series of life-span studies in beagle
dogs exposed once, briefly, by inhalation, to different beta-emitters in rel-
atively soluble or insoluble forms (Mc86). The effect of dose protraction
is being studied by using radionuclides with radioactive half-lives ranging
from about 3 days to 29 years, encapsulated in fused aluminosilicate par-
ticles. Recent results from these studies have demonstrated that when the
delivery of a dose of beta radiation to the lung is protracted from days to
years, the pulmonary carcinogenic response is reduced by a factor of about
3 (Ha83a, Gr87).

The induction of lung tumors in mice from external x-irradiation has
been compared with that from neutron irradiation by Ullrich and Storer
(U179). The mice were sacrificed 9 months after they received 100-900
rad of x-irradiation or 5 to 150 rad of neutron irradiation localized to the
thorax. The relationship between the number of lung tumors (adenomas)
per mouse and the x-ray dose could be described adequately by a linear-
quadratic model with a shallow initial slope or by a threshold model with
a dose-squared response above the threshold. In contrast, the tumorigenic
response of the lung to neutron irradiation could be described by a linear
or threshold model, with the linear response being above the threshold.
The relative biological effectiveness of the neutron irradiation increased
with decreasing neutron dose: from 25 at 25 rad to 40 at 10 rad.

Lafuma et al. (1989) reported on the effectiveness of various radiation
exposure modalities (radon-daughter inhalation, fission-neutron irradiation,
or gamma irradiation) for inducing lung carcinomas in Sprague-Dawley
rats. The observed equivalence ratio for radon daughter to neutrons was
approximately 15 WLM to 10 mGy neutrons, and the ratio of neutron
effectiveness to gamma rays from 60Co was 50 or more at a gamma dose
of 1 Gy (La89).

Goggle et al. (Co85) examined the tumorigenic effectiveness of uni-
form versus nonuniform external x-irradiation of the mouse thorax. The
nonuniform irradiation was produced by 72 1-mm microbeams that irra-
diated about 20% of the total lung volume. Although a smaller study by
these investigators had previously suggested that nonuniform x-irradiation
might be more tumorigenic than uniform x-irradiation, the larger study
demonstrated a nearly equal tumorigenic response of the lung to uniform
and nonuniform x-irradiation.

A study of the lifetime relative biological effectiveness of chronic beta
irradiation of the lung versus chronic alpha irradiation of the lung for